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UNIVERSAL BATTERY CHARGER 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

This invention relates to a universal battery charger 
5 capable of charging batteries with different voltages, 
2- Description of the Related Art 

Among various types of battery chargers, universal 
battery chargers that can charge batteries consisting of 
different number of cells^ i.e-, batteries with different 
10 voltages, are becoming more common. A universal battery 
charger can charge, for example, 9.6V, 12V and 14V batteries 
consisting of 8, 10 and 12 cells connected in series 
respectively wherein each cell is 1-2V- 

The voltage output from the universal battery charger 
15 is subject to constant voltage control and the battery 
charger is set to output a voltage required to charge the 
batteries consisting of the largest number of cells that the 
battery charger can handle. This creates a problem in 
charging batteries consisting of cells fewer in number than 
20 maximum. As a result, a large rush current flows in the 
battery when a switch circuit is closed- This may inflict 
significant damage on the switch circuit in the charging 
loop. 

When the battery is unloaded from the battery charger 
25 or when charging the battery is halted upon detection of the 
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fully charged condition, the switch circuit is turned off so 
as not to allow the charging current to flow in the battery 
charging loop. Because a power supply circuit of the 
battery charger is controlled to output a voltage 
5 corresponding to the battery with the largest number of 
cells, power consumption is larger than necessary. 

SUMMARY OF THE INVENTION 
An object of this invention is to solve the above- 
mentioned problems and to provide a universal battery 

10 charger that reduces power consumption and suppresses the 
rush current at the start of charging. 

In order to achieve the above and other objects, there 
is provided a universal battery charger for charging 
batteries with different number of cells connected in series. 

15 The charger includes a power supply circuit, a switch 
connected between the power supply circuit and the battery, 
and a control device. The power supply circuit produces a 
predetermined number of voltages different in level for 
applying selected one of the predetermined number of 

20 voltages to the battery. The switch is turned ON to allow 
the selected one of the predetermined number of voltages to 
the battery and OFF to interrupt the power supply circuit 
from the battery. The control device controls the power 
supply circuit to produce a voltage to be applied to the 

25 battery and also controls the switch so that a rush current 
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does not flow in the battery when the voltage to be applied 
to the battery is switched from one level to another level. 

When the battery is unloaded from the battery charger, 
the control device controls the power supply circuit to 
5 produce a lowest voltage, thereby saving the power 
consumption . 

gRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings: 

Fig. 1 is a circuit diagram showing the configuration 
10 of a universal battery charger according to an embodiment of 
the invention; 

Fig. 2(a) is a flowchart illustrating the operation of 
the universal battery charger according to a first 
embodiment of the invention; and 
15 rig. 2(b) is a flowchart illustrating the operation of 

the universal battery charger according to a second 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
A universal battery charger according to preferred 
20 embodiments of the invention will be described with 
reference to the accompanying drawings. Fig, 1 is a 
schematic diagram showing a configuration of the universal 
battery charger. In use, the battery charger is connected 
to an AC power supply 1 and a battery 2 is loaded in the 
25 battery charger. The battery 2 consists of a plurality of 
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ceils connected in series. 

The battery charger includes a switch circuit 6 and a 
switch drive circuit 7. The switch circuit 6 is interposed 
in a charging current path, i.e-,' between a 
5 rectifying/smoothing circuit 30 and the battery 2. The 
switch circuit 6 is configured by a relay that is rendered 
ON when the charging current is to be supplied to the 
battery 2 and OFF when the charging current is not to be 
supplied to the battery 2 in such cases where the battery 2 

10 is unloaded from the battery charger or charging the battery 
2 is halted upon detection of the fully charged condition of 
the battery 2, The switch drive circuit 7 is connected 
between the output port 56 of a microcomputer 50 (to be 
described in detail hereinafter) and the switch circuit 6. 

15 The switch drive circuit 7 includes a transistor that is 
rendered ON and OFF based on the output from the output port 
56 of the microcomputer 50, 

The battery charger further includes a resistor 3 and 
an output voltage detecting circuit 4. The resistor 3 

20 serves as a current detector and is connected to the battery 
2 for detecting a charging current flowing in the battery 2. 
A voltage corresponding to the detected charging current is 
applied to a charging current control circuit 60. The 
output voltage detecting circuit 4 includes resistors 4a and 

25 4b. The output voltage detecting circuit 4 divides an 
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output voltage from the rectifying/smoothing circuit 30 with 
the resistors 4a and 4b and outputs the resulting voltage to 
an output voltage control circuit 80- 

An output voltage setting circuit 8 is connected 
5 between the microcomputer 50 and the output voltage control 
circuit 80. The output voltage setting circuit 8 includes 
resistors 8a, 8b, 8c and 8d that are connected in such a 
manner that the voltage developed across the resistor 8b can 
be selectively set to one of four levels depending on LOW or 

10 HIGH impedance level output on the ports led to the 
resistors 8c and 8d. The voltage output from the output 
voltage setting circuit 8 is applied as a reference voltage 
to the output voltage control circuit 80. The output 
voltage control circuit 80 compares the output voltage from 

15 the rectifying/smoothing circuit 30 with the reference 
voltage. With the four different level outputs from the 
output voltage setting circuit 8, four different level 
output voltages can be selectively output from the 
rectifying/smoothing circuit 30. 

20 A charging current setting circuit 9 is connected 

between the microcomputer 50 and the charging current 
control circuit 60. The charging current setting circuit 9 
includes resistors 9a, 9b, 9c and 9d that are connected in a 
similar fashion to the resistors 8a, 8b, 8c and 8d in the 

25 output voltage setting circuit 8. That is, the voltage 
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developed across the resistor 9b can be selectively set to 
one of four levels depending on LOW or HIGH impedance level 
output on the ports led to the resistors 9c and 9d. The 
voltage output from the charging current setting circuit 9 
5 is applied as a reference charging current to the charging 
current control circuit 60* The charging current control 
circuit 60 compares the output voltage indicative of the 
charging current currently flowing in the battery 2 with the 
output voltage from the charging current setting circuit 9 

10 indicative of the reference charging current. With the four 
different level outputs from the charging current setting 
circuit 9, four different level charging currents can be 
selectively flowed in the battery 2. 

The battery charger also includes a photo-coupler 5 

15 that feeds back the output voltage from the 
rectifying/smoothing circuit 30 and charging current signals 
to a PWM control IC 23. 

The battery charger further includes a 
rectifying/smoothing circuit 10 and a switching circuit 20. 

20 The rectifying/smoothing circuit 10 is provided in the 
primary side of a high-frequency transformer 21 and includes 
a full-wave rectifier 11 and a smoothing capacitor 12. The 
switching circuit 20 includes the high-frequency transformer 
21, a MOSFET 22, an SW controlling IC 23, a constant voltage 

25 circuit 24 for the SW controlling IC 23, and a starting 
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resistor 25. The high-frequency transformer 21 includes a 
primary coil 21a, a secondary coil 21b, a ternary coil 21c, 
and a quaternary coil 21d, A DC input voltage is applied to 
the primary coil 21a. The secondary coil 21b is the output 
5 coil for the SW controlling IC 23. The ternary coil 21c is 
the output coil for charging the battery 2. The quaternary 
coil 21d is an output coil for a power source supplying 
power to the microcomputer 50, a charging current control 
circuit 60, and the like. 

10 The secondary coil 21b and the quaternary coil 21d are 

configured with the same polarity as the primary coil 21a, 
while the ternary coil 21c has reverse polarity- The SW 
controlling IC 23 is a switching power supply IC that 
adjusts output voltage by changing the width of driving 

15 pulses applied to the MOSFBT 22. The constant voltage 
circuit 24 includes a diode 24a, a 3-terminal regulator 24b, 
and capacitors 24c and 24d. The constant voltage circuit 24 
converts the voltage outputted from the secondary coil 21b 
into a constant voltage, 

20 The rectifying/smoothing circuit 30 is provided in the 

ternary coil 21c of the high-frequency transformer 21 and 
includes a diode 31, a smoothing capacitor 32, and a 
resistor 33. The battery charger further includes a battery 
voltage detecting circuit 40 that includes resistors 41 and 

25 42 for dividing the voltage across the terminals of the 
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battery 2. The divided voltage is inputted to the 
microcomputer 50 via the A/D converter 55. The 
microcomputer 50 includes a CPU 51, a ROM 52, a BAM 53, a 
timer 54, an A/D converter 55, the output port 56, and a 
5 reset input port 57. 

The CPU 51 samples a signal inputted into the A/D 
converter 55 at prescribed intervals and compares the 
current battery voltage with the battery voltage detected at 
a timing several samplings before the current sampling. 

10 Based on these comparisons, the CPU 51 determines whether 
the battery 2 has reached a full charge. The RAM 53 stores 
the battery voltage for the most recent sampled battery 
voltage and a predetermined number of earlier sampled 
battery voltages* 

15 The charging current control circuit 60 includes 

operational amplifiers 61 and 62, resistors 63-67, and a 
diode 68. The charging current detected by the charging 
current detecting resistor 3 is applied to the operational 
amplifier 61 by which the voltage corresponding this 

20 charging current is subject to inverting amplification. The 
operational amplifier 62 amplifies the difference between 
the output voltage of the operational amplifier 61 and the 
charging current setting reference voltage set by the 
charging current setting circuit 9 and feeds this difference 

25 back to the SW controlling IC 23 via the photo-coupler 5. 
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The SW controlXing IC 23 switches the MOSFET 22 on and 
off in order to maintain the charging current at a constant 
current. Specifically/ the pulse generated and applied to 
the high-frequency transformer 21 is varied between a narrow 
5 pulse width when the charging current is large and a wide 
pulse width when the charging current is small. This pulse 
is smoothed to a direct current by the rectifying/smoothing 
circuit 30 before being applied to the battery 2. Hence, 
the current detecting resistor 3, charging current control 

10 circuit 60, photo-coupler 5, switching circuit 20, and 
rectifying/smoothing circuit 30 function to maintain the 
charging current of the battery 2 at the current value set 
by the microcomputer 50. 

The battery charger further includes a constant 

15 voltage circuit 70 having a diode 71, capacitors 72 and 73, 
a 3-terminal regulator 74, and a reset IC 75, The constant 
voltage circuit 70 outputs a voltage for powering the 
microcomputer 50, the charging current control circuit 60, 
and the like. The reset IC 75 outputs a reset signal to the 

20 reset input port 57 in order to reset the microcomputer 50 
to an initialized state. 

The battery charger also includes the output voltage 
control circuit 80 having an operational amplifier 81, 
resistors 82^85, and a diode 86. The operational amplifier 

25 81 amplifies the difference between the voltage from the 
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output voltage detecting circuit 4 and the voltage from the 
output voltage setting circuit 8 and feeds this difference 
back to the SW controlling IC 23 via the photo-coupler 5, 
whereby the output voltage of the secondary 
5 rectifying/smoothing circuit 30 is controlled. 

Next, a method for controlling a universal battery 
charger will be described with reference to the schematic 
diagram in Fig. 1 and the flowcharts in Figs* 2A and 2B. 
The flowcharts in Figs. 2A and 2B show an output voltage 
10 control method implemented by a universal battery charger 
according to first and second embodiments of the invention, 
respectively. 

As shown in Fig, 2Ar according to the first embodiment 
of the invention, the microcomputer 50 first checks whether 

15 the battery 2 is loaded in or connected to the battery 
charger (Si) based on the voltage applied to the 
microcomputer 50 from the battery voltage detecting circuit 
40- The battery charger goes to a standby condition until 
battery 2 is connected. 

20 As described previously^ the output voltage setting 

circuit 8 outputs selective one of four different level 
voltages to the output voltage control circuit 80 depending 
on port outputs impressed on the resistors 8c and 8d- For 
the sake of brevity, the outputs applied to the resistors 8c 

25 and 8d from the output port 56 will hereinafter be referred 
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to as "first port output" and ''^second port output", 
respectively. It is to be noted that each of the first and 
second port outputs is either LOW or HIGH level, so one of 
four different level voltages is developed across the 
5 resistor 8b depending on the first and second port outputs. 
As such, the rectifying/smoothing circuit 30 is capable of 
outputting selective one of four output voltages to the 
battery 2. 

When the battery charger is placed in the standby 

10 condition with no battery connected (SI: No),, both the first 
and second port outputs are, for exaniple, set to LOW level 
so that the rectifying/smoothing circuit 30 outputs the 
lowest level voltage. This makes it possible to reduce 
standby power consumption. 

15 When the battery 2 is connected to the battery charger 

(SliYES), the microcomputer 50 detects the battery voltage 
based on the output from the battery voltage detection 
circuit 40 (S2) and determines the levels of the first and 
second port outputs based on the battery voltage thus 

20 detected (S3) . For example, the microcomputer 50 determines 
the levels of the first and second port outputs to be LOW 
and HIGH respectively so that the output voltage from the 
rectifying/smoothing circuit 30 is the second lowest among 
the possible four voltages. The microcomputer 50 determines 

25 the levels of the first and second port outputs to be HIGH 
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and LOW respectively so that the output voltage from the 
rectifying/smoothing circuit 30 is the third lowest voltage. 
The microcomputer 50 determines the levels of both the first 
and second port outputs to be HIGH so that the output 
5 voltage from the rectifying/smoothing circuit 30 is the 
highest among the possible four voltages. When the detected 
battery voltage is below a predetermined voltage^ for 
example, 12 V or lower, the microcomputer 50 controls the 
first and second port outputs so that the 

10 rectifying/smoothing circuit 30 outputs the second lowest 
voltage, for example, 13 V. When the detected battery 
voltage is higher than the predetermined voltage, the 
microcomputer SO controls the first and second port outputs 
so that the rectifying/smoothing circuit 30 outputs the 

15 second highest voltage. 

Normally, both the first and second port outputs are 
set to LOW before the battery 2 is connected so that the 
rectifying/smoothing circuit 30 outputs the lowest voltage. 
When the battery 2 is connected and the connected battery is 

20 detected by a battery temperature sensor (not shown) as 
being at a high temperature higher than a predetermined 
value, then charging the battery 2 is not performed 
immediately but deferred until the battery temperature falls 
below the predetermined value. To this end, a cooling fan 

25 (not shown) is used to cool down the temperature of the 
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battery 2. The output voltage from the rectifying/smoothing 
circuit 30 needs to be increased to power a cooling fan 
drive motor {not shown) . At this time^ both the first and 
second port outputs are set to HIGH so that the output from 
5 the rectifying/smoothing circuit 30 outputs the highest 
voltage, for example, 40 V. After the battery 2 is cooled 
down and placed in a state ready for charging, the following 
procedures are performed. When the detected battery voltage 
is 12 V as in the above-described example after the battery 

10 2 is cooled down, the levels of the first and second port 
outputs are switched to HIGH and LOW respectively so that 
the output from the rectifying/smoothing circuit 30 drops to 
13 V. When the output voltage from the rectifying/smoothing 
circuit 30 drops from 40 V to 13 V, electric charges stored 

15 in the capacitor 32 in the rectifying/smoothing circuit 30 
are discharged via the resistor 33 with a predetermined time 
constant. Accordingly, the microcomputer 50 checks if a 
predetermined period of time has elapsed after switching the 
first and second port outputs (in the above example, only 

20 the second port output is switched from HIGH to LOW) to wait 
for the end of discharge (S4A) , 

When the predetermined period of time has elapsed 
(S4A: YES) and the output from the rectifying/smoothing 
circuit 30 has dropped to 13 V, the microcomputer 50 outputs 

25 a signal to the switch drive circuit 7 from the output port 
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56 to turn on the transistor in the circuit 1, thereby 
closing the relay contact in the switch circuit 6 (S5) . 

Then, both the first and second port outputs impressed 
respectively on the resistors 8a and 8b are switched to HIGH 
5 (S6) so that the output voltage from the 
rectifying/smoothing circuit 30 is increased to a chargeable 
voltage, for example/ 40V from 13 V. Closure of the relay 
of the switch circuit 6 is slightly delayed from the 
application of the signal to the switch drive circuit 7. In 

10 order to eliminate the delay, the timing at which the 
signals are applied to the output voltage setting circuit 8 
is delayed with respect to the timing at which the signal is 
applied to the switch drive circuit 7, This suppresses the 
rush current generated when the relay is closed and prevents 

15 damage to the relay of switch circuit 6- 

The switch circuit 6 is turned off when, for example, 
the battery 2 is fully charged. In such a case, the 
microcomputer 50 switches the output voltage from the 
rectifying/smoothing circuit 30 from the highest level to 

20 the lowest level to place the battery charger in the standby 
condition. During the period of time when the output 
voltage from the rectifying/smoothing circuit 30 drops to 
the lowest level, the constant voltage circuit 70 is 
controlled so as not to be powered by the quaternary coil 

25 21d. Capacitances of the capacitors 72 and 73 making up the 
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constant voltage circuit 70 are selected to be capable of 
continuously supplying power to the microcomputer 50 during 
this period of time. 

The flowchart in Fig. 2B differs from that in Fig. 2A 
5 with respect only to the processes described in S4A and S4B. 
When the first and second port outputs are determined in S3, 
it is determined to see if the output voltage Vout from the 
rectifying/smoothing circuit 30 has dropped to a level close 
to the battery voltage (Vin) . For example, when the 

10 difference between the output voltage Vout from the 
rectifying/smoothing circuit 30 and the battery voltage Vin 
is equal to or less than 5V (S4B: YES), the switch circuit 6 
is turned on. It should be noted that in order to compare 
the voltage Vout with the battery voltage Vin, it is 

15 necessary that the voltage Vout be a digital value. To 
provide the voltage Vout in the form of a digital signal, 
the circuit diagram shown in Fig. 1 needs to be modified to 
add a structure for bringing the voltage Vout output from 
the rectifying/smoothing circuit 30 to the A/D converter 55 

20 via a resistor circuit similar in configuration to the 
voltage detection circuit 40 including the resistors 41 and 
42. 

As described, the universal battery charger in 
accordance with the invention is capable ensuring low power 
25 consumption during standby condition and suppressing rush 
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